ORGANIC
LETTERS

Synthesis of Novel Cyclic Vol. 2 X, 25

Oligosaccharides: f-1,6-Thio-Linked 45034506
Cycloglucopyranosides

Linfeng Fan and Ole Hindsgaul*

Department of Chemistry, University of Alberta, Edmonton, Alberta T6G 2G2, Canada

ole.hindsgaul@ualberta.ca

Received October 7, 2002

ABSTRACT
?é )
H s/%/
HO
%72 E\QOH
HOMO on
H

A protocol for the synthesis of novel cyclic f-1,6-S-linked glucopyranosides is developed. The key intermediate is a linear thiooligosaccharide
bearing an iodo group at C-6 of the nonreducing sugar and a thioacetyl group at the anomeric center of the reducing end sugar. The crucial
macrocyclization step was achieved through base-promoted intramolecular Sy2 glycosylation in remarkably high yields (92-95%) and with
well-controlled stereochemistry.

The ability of natural cyclic sugars, especially the cyclo- scribing cyclic oligosaccharides with exclusively thio gly-
dextrins (CDs), to form unique inclusion complexeswith cosidic linkages. Thiooligosaccharides, which contain sulfur
a large variety of substances continues to stimulate interestatoms in their glycosidic linkage, have been extensively
in the enzymatic and chemical synthesis of cyclic oligo- studied in glycobiology as tools for understanding the crucial
saccharides. Organic synthesis allows the construction ofinteraction between oligosaccharides and glycosiddit's.
unnatural cyclic oligosaccharides that can incorporate dif- envisaged that cyclic thiooligosaccharides would be not only
ferent inter-glycosidic linkages and varied numbers and typesmore stable toward acidic hydrolysis or enzymatic degrada-
of monosaccharide units, not only the homopolymerit,4- tion than theitO-linked counterparts but also more interesting
linked p-glucopyranoside residues found in the native CD since the sulfur atoms in the ring system may bind selectively
family. Numerous synthetic cyclic oligosaccharides have to certain metal ions. This prompted us to synthesize a series
been reported-® However, no reports have appeared de- of cyclic 3-1,6-thio-linked p-glucopyranosides containing
two, three, and four sugar residues.
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Scheme 1. Synthetic Strategy
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was followed by functionalization of both ends of the linear

thiooligosaccharide, again with primary iodo and anomeric
thioacetyl groups. Under nucleophilic and basic conditions,
the 1-thiolate was generated in situ and then the intra-
molecular cycloglycosylation was executed to give the
desired product.

Many synthetic routes are available to establish linear 1,6-
linked thiooligosaccharides. The most effective method is
the reaction of 6-deoxy-6-iodo glycoside derivatives with
1-thiolate aniort! Trimethylsilylethyl (SE) glycosid® was

chosen as a building block because SE is an excellent stable

anomeric-blocking group and is amenable to transformation
into many other functional groups under mild conditidfs.

Building block2 was simply synthesized by iodination of
2-(trimethylsilyl)ethyl 2,3,4-tri-O-acetlyl-®-glucopyrano-
sidé”® with PhP/Imidazole/s in toluené* in 95% vyield.
(Scheme 2)

Scheme 2. Synthesis of Building Block
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(SE = Trimethylsilylethyl)

The thioglycosyl coupling was achieved by adding di-
ethylamine into a mixture of thioacetaBand iodide2 in
DMF solution!® The thiolate anion was generated in situ by

the action of diethylamine, and the 1,6-thio-glycosyl linkage
then readily formed in 83% yield via nucleophilic displace-
ment of the 6-iodo group of in one pot (Scheme 3).

Scheme 3. Coupling Step and Synthesis SfLinked
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Reaction temperature proved crucial for achieving high
p-selectivity. When reaction was carried out at room tem-
perature, a 1:2 mixture af- and-anomers was obtained.
Steroselectivity of coupling reaction was improvedd =
1:20) when it was performed below°C.

To prepare the longer linear thiooligosaccharides, the OSE
group in disaccharide!l is considered to convert into a
1-thioacetate for the next round of coupling with
(Scheme 4). Attempts to convettto the glycosyl chloride

Scheme 4. Synthesis of Linear Thiooligosaccharides
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(CI,CHOMe/ZnC} at —40 °C) or the glycosyl acetate
(BFs+Et,O/Ac,0) resulted in cleavage of the interglycosidic
thio linkage. The desired transformation was finally achieved
in four steps: removal of SE by TFA/GBI, (1:1) (4— 5),
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acetylation of hemiacetdd with pyridine/AgO (5 — 6), s

bromination of acetat6, and reaction of the bromidewith Scheme 5. Synthesis of Cyclig-1,6-Thio-Linked
potassium thioacetate in DMF. The disacchafiedhioacetate Oligosaccharides

8 was prepared in an overall yield of 59% from SE glycoside

4. The subsequent coupling betweand2 generated the oH 1. TBDMSCI/Py OR

trisaccharide in 81% yield. Similarly, tetrasaccharidel HO Q g  2BzCIPY E;zoé&/S

was prepared (78%) from the trisaccharide thioacetate Ay IR O%ﬁ/

With linear thiooligosaccharides 9, and11in hand, we 12 HOHﬁ/S B0 - S
focused our attention on accomplishing the crucial macro- ,SQ%OSE Bzoﬁ/osg
cylization step. Encouraged by the efficient condensation NaOMe HO o B20 0Bz
between 6-iodo and anomeric thioacetates in the presence IMeOH ggj/g’*g/;g(n»a:mws
of Et,NH, we selected this combination for the intramolecular TroeCUPy C 14R=0H 81%
cyclization. The synthesis of cyclic trisacchariigis shown 9 0°C. [hr ™15R =Troc 93%

in detail in Scheme 5. Identical procedures were used for

the conversion of to cyclic disaccharid@1 and11to cyclic 1 TPAICHCL1T)

1% 24A020/Py

tetrasaccharid@2. 3 HBIHOAG
Compound® was de©-acetylated td 2, where the primary 4 KSACIDMF, 3hr
OH was protected as its TBDMS ether prior@sbenzoyl- OTroc
ation to providel3 (78%). Since conversion of the anomeric OH BzBogé&s
OSE group into a 1-thioacetyl group would require acid stozoé&,s ZH/HO:C BngZ o
conditions, the TBDMS group was replaced with a tri- BOAR 0 B0V °
chloroethoxy carbonyl (Troc) group, most widely employed B20 582 85% B2 X SAC
for protecting amino group$.Removal of the TBDMS group 17 BZ&&@\/SAC 0Bz
in 13 (TFA, 81%) and introduction of the Troc group gave OBz 16
15 (93%). The Troc group survived the acidic conditions
required to transform the SE glycosidé into the 1-thio- 89% | PPhy/Cly
acetyl derivative167 Attempts to shorten this reaction o RO
sequence by directly installing a primary Troc groupli [ Et,NHIDMF SW%R
failed. Nl s e A° s
The Troc protecting group was next reductively cleaved Bzg%ﬁvs 82% $ 97 o
by Zn/HOAc (85%). lodination ofl7 using triphenyl- B0 58z
phosiphine and carbon tetraiodi@gave the desired bifunc- " BZ&&&/SM RORO
tionalized linear trisaccharide8 in 89% yield, which was OBz 19R = 0Bz
dissolved in DMF. The intramolecular cyclization reaction 20R=OH_> ,N,\,[‘"fo'\ﬁ
occurred upon addition of excess,EH, and the reaction
was complete within 3 h, generating the fully benzoylated
cyclic B-1,6-thio-linked trisaccharid&9 in 92% vyield. No e HO sl
a-anomer was isolated. Surprisingly, the procedure resulted 5
only in an intramolecularly cyclized product even when HO 0> s
carried out at a high concentration (0.1 M) of the solution HQ s " _»HO s g\ oH
of 18. No linear dimers or trimers were detected by MS. *—> o A\ o. 8
Zemplén debenzoylation provided the fully deprotected cyclic HO Mg OH
sugar 20. The 'H and 3C NMR spectra of the cyclic o "™ OH OH
compound20 confirmed the symmetry. Compou2® gave # 22

rise to one set of glycopyranoside signals, corresponding to
the repeating monomer unit. Connectivities were established ] ] ]

by COSY NMR spectroscopy, and the molecular composition @gain only intramolecular cyclized products were obtained
was confirmed by high-resolution EI-MS. Using identical 2S We observed in the synthesis of the cyclic trisaccharide
procedures, the cyclic disaccharidé and tetrasaccharide
22 were synthesized starting from the linear saccharides ) 4 : ’ '
4 and 11, respectively. Both cyclization steps were class of cyclic oligosaccharide, cyclic 1$Blinked gluco-

achieved in high yields (92% and 95%, respectively), and Pyranosides. We expect that this method can be applied in
the synthesis of cyclic thiooligosaccharides with larger ring
(16) Kocciensky, P. J. IfProctecting Groups; Enders, D., Noyori, R., Slze.s' Our SUCC.eSSfUI. prgparatlon 29_22 broadens the
Trost, B. M., Eds.; Georg Thieme Verlage: New York, 1994; p 185. family of synthetic cyclic oligosaccharides. Currently we are
(17) Fukase, K.; Matsumoto, T; Ito, N.; Yoshimura,Bull. Chem. Soc. studying the 3-D structure of these novel cyclic compounds
Jp?i%?%ﬁ?gdzzzgﬁ;nz,?f‘k. M. Whistler, R. ICarbohydr. Res1978 61, and are investigating their complexation with transition

511-518. metals, since the structure of these compounds is essentially

In conclusion, we have described the synthesis of a novel
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that of crown ethers differing in the number of thio- Supporting Information Available: Detailed experi-
glucopyranoside rings. mental procedures and spectral data for all described
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